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|>The histamine H 3 receptor was discovered 15 years 
Fago, and many potent and selective H 3 receptor 
|f agonists and antagonists have since been developed. 
/ Currently, much attention is being focused on the 
^.therapeutic potential of H 3 receptor ligands. In this 
review, Rob Leurs, Patrizio Blandina, Clark Tedlord 
and HenkTimmerman describe the available H 3 
receptor agonists and antagonists and their effects in a 
variety of pharmacological models in vitro and in vivo. 
The possible therapeutic applications of the various 
compounds are discussed. 

Histamine mediates its action via three distinct receptor 
subtypes, Hj, H 2 and H 3 (Refs 1, 2). The subclassification 
of the histamine receptors by the pioneering work of Ash 
and Schild*, Black et al* and Arrang et ah 5 has been sup- 
ported by recent molecular biological approaches 1 ' 2 . The 
demonstration of the existence of both Hj and H 2 recep- 
tors opened important new avenues for successful freat- 
ment of allergic conditions (Hj receptor antagonists) and 
gastric tdcers (H 2 receptor antagonists). Although con- 
siderable progress has been made in the medicinal chem- 
istry of H 3 receptor ligands and the understanding of 



the role of the H 3 receptor in (patho)physiology, no H 3 
receptor-related drugs have yet been introduced. 

The H 3 receptor was discovered originally on his- 
tamine-containing neurones as a presynaptic receptor 
regulating the release and synthesis of histamine 5 (Boxl). 
In the mammalian brain, rdstamine-coniaining cell bodies 
are located in the tuber omainirulJary nucleus of the pos- 
terior hypothalamus and project to most cerebral areas 6 - 7 , 
indicating that H 3 receptor ligands can potentially affect 
a variety of brain functions. Moreover, H 3 receptors not 
only act as autoreceptors, bnLaxe also involved in the 
presynaptic regulation of the release of acetylcholine, . 
dopamine, GABA*. glutamate, noradrenaline and 5-HT 
(Box 1). Recent data show that H 3 receptors are not con- 
fined to the brain, but also play a modulatory role in 
peripheral neurotransmission (e.g. in the gastrointestinal , 
tract, the cardiovascular system and the airways) 1 ^ 9 . 

Selective H 3 receptor agonists and antagonists 

Since the initial discovery of the H 3 receptor in 1983 
(Ref . 5), major progress in the development of H 3 receptor 
agonists and antagonists has been made. Several potent 
and selective agonists are currently available 10 - 11 - Methyl- 
ation of the a-carbon atom of the ethylamine side-chain of 
rustarnine leads to the potent H 3 receptor agonist R-(a)- 
methylhistaminc (Fig. 1). In combination with its less 
active s-isomer, this compound has been very useful for 
the pharmacological characterization of H 3 receptor- 
mediated effects^, further H 3 agonists are produced if the 
amine function of histamine is replaced by an isothiourea 
group (imetit), an amidine moiety (SKF91606) or incorpo- 
rated in a ring structure (immepip) (Fig. l)^ 15 . Because of 
its early availability, R-(a)-methyIhis tamine has been used 
extensively in vitro and in vivo. Recently, high affinity of 
R-(a)^methylhistamine for the histamine-metabolizing 
enzyme histamine-N-me thy ltransf erase was observed 16 . 



RAe«r$, 

LBider/AmstBrdanr) 
Cerrtflr for Drug 
Research, Division of 
Medidnfll Chemisiry, 
Vrije UnivBfiiieit. 
0b Boolean 1083, 
1081 HV Amsterdam, 
The Netherlands, 
P.BIandirt*, 
Asscciate Professor, 
Difnartimenio di 
Farniaco(o<ji8 
Preclinica s Clinica, 
Univ^r.iit^ di Tircflie. 
Viala 6. B, Margagni 

llary, 

Director of 
Pliarmacologicol and 
Chemical Research. 
Gliarech, Z34Z0 
Commerce Park Road, 
Cleveland, ON w?2. 
USA, 
and 

H. Tlmmcrman. 

Profwsor, 
Leiden/ Amsterdam 
Csnier for Diuq 
nraearch, Division cif 
Medicinal Chemialry, 
Vrije UnhrBTsilftit. 
00 Etoelelasn 1 DB3. 
1061 HV Amsterdam, 
The NatherlsnrU 



O ElsevicT Srie-nce Ltd 



PII: SOlW-6147(9H)CH201-2 



TU>$ - May (Vol. 19) 17 7 



PAGE 11/17 * RCVDAT 8/16/2004 3:12:13 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/1 » DNl5:8729306 * CSID:908 298 54 05* DURATION (mm-ss):06-5! 



Box 



S -subtype %^SSSx slices px 
pHJhtawm™ from mine H s autevccepw 

was stimulated by low „ rece ptor agonuts 

Sensitive to ^*ve »k £ M % m ^oni«d 



•w presence was detected in Several^ 
autoreceptor, « P in duding the human cer- ■ '■, 
other brain ar ^ s jS^e of H, receptor effects 

the the presynaptic location of then 

5 yn ap tosomes a tonic mfluence on _ 




striatum 

histamine (rat) 
5-HT (rat) 
dopamine (mouse) 
acetylcholine (rat) 
GABA(rat) , 



hypothalamus 

histamine (rat) 
noradrenaline (rat) 
5-HT (rat) 




cortex 

histamine (rat, human) 
noradrenaline (rat, mouse, 
rabbit, 
guinea-pig. 
human) 

5-HT (rat) 
acetylcholine (rat) 

GABA (rat) 



substantia nigra 

GABA (rat) 




hippocampus 

Histamine (rat) 
noradrenaline (rat) 
glutamate (rat) 
acetylcholine (rat) 



spinal cord 

noradrenaline (rat) 



A • Krai* ift a variety £>( twin "*9 ions °* 



PAGE12J17 



Motion of the — ^ e ^£tS 

limits its brain penetration. W ™ J™ ™ r 1} the Ut- 
se ries of M^methy^-epr^^^ ^ 
tcr problem of P ene*abon lhe methyl- 

azomethine group in BP29W W N ^ eth ltran5 . 

ation of the i^^SSSS^^^^ 
ferase and improves ondbica »W 7 ^ 

gle oral dose P^ u f.^SS (after non-nzy- 
|f both BP294 ^ d ^ o) TlSrisoreover, selective 

b^P-^ I 5«^ B S2i have also been 
Many poW* H, "J ' arltag onist, (Ho- 
dWl ftSE -S tfW for the Hj 



its Spread use, cauUon « 
peramide also has * me J^™ a GA BA transport-, 
knd probably interacts with « e ™^ f ^^de 
Sphcement of the thiourea J-^^JJ^u.. 
to led to a wide vanety of H, «epj* * ^ 
corporation of an ta»^S!*« dobenpro- 
gives the highly potent H, . 'J^Brtedifcrh* 

tive of uneu w . Tho ««8™» ducedb rain penetraton. 
tWoperamide mt,.rv^ 
To inaease ccntr.nl effechven^ancuo ^ 

logical P-^rX^Un replaced by 
isothiourea moiehes, foe* po P ureas, 
several side-chains "J^jSHli* to 
amines, amides, ^-*SS»pUBi W< GR175737, 

GT2016 and J ttafion an d big* effertve ' 



08/16/04 15:20 FAX 908 298 5405 



SCIffiRlNG^PLOUGH El 0 1 3 

Review 



by histamine H 3 receptors 



increased and decreased histamine levels in brain tis- 
sue, respectively 1 . Microanalysis experiments that 
measure th*> release of endogenous histamine in the 
rat hypothalamus also indicate a tonic H ? receptor- 
mediated inhibition at the autoreceptcr 5 . 

The development of the selective H 3 receptor agonist 
(R)-a-methylhistamine and antagonist thioperarnide 
allowed the demonstration of the modulation of a varU 
ety of neurotransmitter systems via H 3 heterorecep- 
tors. In the rat hypothalamus, H 3 receptors inhibit, for 
example, the release of 5-HT and noradrenaline*. 
Release of both these neurotransmitters is also reduced 
by presynaptic tt 3 receptors in cerebral cortex slices of 
several other species 7 (Fig.)- &cgeriments > f« vitro show 
that H ? receptor activarion al^Infiibat?? the release of 
acetylcholine 'in the "rat enthonnal cortex*, although a 
presynaptic localization of the H-, receptor is unlikely 
as inhibition of K-evoked release of [ a H] acetylcholine 
from synaptosomes by receptor agonists was not 
detectable*. In mouse striatal tissue, dopamine release 
is affected by H 3 receptor activation 10 , and dopamine 
Dj receptor-induced release of CAB A from slices of rat 
Striatum 11 and substantia nigra 12 is effectively inhib- 
ited by M 3 receptor activation on GABA-containing 
nerves. Finally, in a recent electrophysiological Study 
using rat hippocampal slices, strong evidence for a 
presynaptic H 3 receptor- media ted regulation of glufca- 
mate release in the dentate gyrus was provided 13 . 

Histamine H 3 receptor ligands do not substantially 
affect brain noradrenaline,"' dopamine or 5-HT levels In 
v5oJ?rinteresringry, acetylcholine release in both the 
rat hippocampus l5 , cerebral cortex 1 h and ventral stria- 
tum can be modulated by H 3 receptor ligands 17 . In the 
hippocampus" histamine, pleased"" From histamine- 
Conrainmg nerve terminals, stimulates acetylcholine 
release via H 2 receptors 15 . Interference withhistarnine- 
mediated neurotransmission via systemic adminis- 
tration of H^ receptor agonists or antagonists decreases 
or increases the hippocampal acetylcholine release, 
respectively 13 . In the cerebral cortex of freely moving 



rats, activation of postsynaptic H 3 receptors stimulates 
the release of GABA (Fig-), which, in turn, inhibits the 
depolarization-induced release of acetylcholine 1 *- The 
reduced acetylcholine release in the cerebral cortex 
after systemic adiruiustration of H 3 receptor agonists is 
accompanied by an impaired performance of the rats 
in the object-recognition test and passive-avoidance 
response™. 

These data show that the H 3 receptor is widely dis- 
tributed throughout the CNS. This correlates well with 
autoradiographic studies 19 , which also indicate that 
the presence of H 3 receptors is not solely restricted to 
the histamine-containing neurones. 
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development of GT2227 (Fig. 2). This H 3 receptor antag- 
onist is active both in intra and in vtocP-, although a polar 
group is lacking in the side-chain. The high activity of this 
Kgand suggests that the molecular ardutecture of the H 3 
receptor is distinct from that of the H l and H 2 receptor. 



Peripheral effects with therapeutic potential 

\ * The H 3 receptor can modulate a variety of functions of 
pj&' important peripheral organs, In cats, dogs and rabbits, 
W^'S tutnot inrats, H 3 recepJ$octivati^^ 
jSvr secretion, induced .by food, pentagastrin or 2-deoxy-D- 
ij&s glucose 9 . This effect is secondary to the H 3 receptor- 
Educed inhibition of the release of acetylcholine, his- 
;^*airune or somatostatin from vagal nerve endings, 
~ ^ ftterochromaff in-like (ECL) cells and D cells (somato- 
|5tarin-releasing cells), respectively 9 . Because of the 
^starnine tone in the stomach, H 3 receptor antagonists 
Enhance gastric acid secretion induced-hy submaximal 
doses of 2-deoxy-D-glucosc and pentagastrin 9 . 
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Despite its lack of effect on gastric acid-secretion in the 
rat, R-(u)-methylhistamine (1-1 00 mg kg- 1 i.p.) shows a 
remarkable gastroprotcctive effect in this species. Gastric 
mucosal lesions induced by ethanol, aspirin or stress are 
inhibited effectively by R-(a)-methylhistamine, but this 
effect is only partially sensitive to thioperamide and 
clobenpropit, indicating that a non-H 3 receptor compo- 
nent is also involved 9 . The mechanism of protection 
seems to involve the mucosal layer, since histological 
studies show that R-(a)-metliymistamine increases the 
number of mucous granules in surface and neck cells and 
promotes rapid re-epithelization 9 . 

A role for H 3 receptors in the regulation of inflamma- 
tory processes has recently been found. In rodents, 
BP294 causes an inhibition of capsaicin-induced plasma 
extravasation and zymosan-induced paw swelling 16 . 
These effects are attributed to the expression of 
inhibitory H 3 receptors on sensory C fibres, which, in 
concert with histamine-releasing mast cells, act as a 
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Attention-deficit hyperactive disorder 

Attention-deficit hyperactivity disorder (ADHD) is a 
developmental disorder with underlying emotional, atten- 
tional and learning disabilities. The disorder has an onset 
in early childhood (there are approximately three million 
sufferers in the USA) and over 50% of those cliildren diag- 
nosed with ADHD will continue to experience attcntional 
problems as adults**. Underlying abnormalities in 
monoamine neurotransmitters appear to significantly con- 
tribute to the learning and motor disturbances in ADHD 
patients^. The psychostimulants methylphenidate, 
dexrroajnphetarnine and pemoline provide symptomatic 
relief but also produce several serious side-effects. 

The use of H 3 receptor antagonists can be envisioned in 
attenlional disorders on the basis of the previously 
described wake-promoting or vigilant profiles seen by 
EEG, the procognitive properties in animalmodels of learn- 
ing and memory, and the direct effects on neurotransmitter 
release; particularly acetylcholine, noradrenaline and 
dopamine. Immature developmental models have been 
described in which impairments in cognitive processes or 
motor patterns are seen that are similar to those observed 
in ADHD (Refs 57, 58). In an immature rat model, pre- 
training administration of the selective H 3 receptor antag- 
onist GT2Q16 was evaluated at doses (5-30 mg kg- 1 i.p.) that 
paralleled cortical H 3 receptor-occupancy profiles and 
enhanced cortical histamine release hi viwP. CT2016 $ig- 
nificandy improved the rate of acquisition in a multi-trial 
passive-avoidance-response task Methylphenidate pro- 
vided sirrular improvements in learning rates in immature 
rat pups«w Tliese. data demonstrate that H 3 receptor 
antagonists may be of use in the Jrieatment of ADHD. Not 
only do these dnigslmprove the cognitive defici ts, but they 
alsdndrmalize-motordistuTbances 60 , ■ 

Epilepsy 

Almost 50 years ago, the first clinical indications sug- 
gesting the involvement of central histamine-mediated 
neurotransmission in epilepsy were reported 62 * 63 . In 
epileptic patients and healthy young children (especially 
of pre-school age), several brain-penetrating H, receptor 
antagonists occasionally induce convulsions^. More- 
over, direct H t receptor activation or modulation of CN5 
histamine levels by L-hisridine loading, inhibition of his- 
tamine synthe$i5 or metabolism in rodents has indi- 
cated that histamine may be an endogenous anticonvul- 
sant 64 . A role for the H x receptor in epilepsy is further 
supported by an increased H, receptor density (10-50%) 

the focus of epileptic discharges in the temporal 
neocortex of nine patients with complex partial seizures, 
a* measured by positron emission tomography (PET) 
s^dies with [itCJdoxepintf. 

'As mentioned before, presynaptic control via the 
3 receptor is an important regulatory mechanism of 
^tamine-mediated neurotransmission. Recent data indi- 
77 that varklus H3 receptor antagonists (thioperamide, 
^Rpropit and AQ0145) decrease the seizure suscepti- 
* of electrically induced convulsions in mice 66 - 61 * by 
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increasing endogenously released histamine in the brain. 
The anticonvulsant effect of these drugs is antagonized 
by pretreatment with H 3 . receptor agonists or the H L 
receptor antagonist mepyramme^*. These findings 
support the anticonvulsive effect of endogenous his- 
tamine and suggest that H 3 receptor antagonists could 
represent a new approa C h_to_ the development of 
antierJileptic drugs, especially in young children. 
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on histamine metabolism, the combination of tacrine and 
an H 3 receptor antagonist could be beneficial in these 
conditions^. 

The highly localized CNS distribution of the precep- 
tor 77 suggests that limited peripheral side-effects will be 
seen after treatment with an H 3 receptor antagonist. 
Furthermore, peripheral Mstarnine-mediated tone is nor- 
mally rrrixtimai and the ri, receptor thus is mainly quies- 
cent under normal physiological conditions. Indeed, no 
cardiovascular 5 or neuroendocrine effects 73 have been 
reported after treatment with H 3 receptor antagonists. 
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Cliemical names 



AQ0145: N-(l^damajityl)-4-(4(5)-imidaiolyl)piperidine- 
1-me thaneimin e 

BP294; (Kj'N^Z-hydroxy-a-phenylphenylmethylidino)-^ 
(4{5)-imi dazoly 1) - 1 -me thy lethy lamine 

FV1S181: 4(5)-{3-[3-(4-lcKlorophenyl)p«>poxy]propyl} 
imidazole 

FUB307: (R)-N-([5-fluOro-2-hydroxy-a-(2-pyrTolyI)phei>yl- 
methyli dcne]-2-(4(5)-imidazoly l)-l-me thylethylaniin e 

GR175737: 3-(4-chlorophenylmethyl)-5-[2-(4(5)-imida- 
zoLyOftmylJ-l^^xadiazoLe 

CT201 6: l-(5-cydoheKylpeiUanoyl)-t-(4(5)- 
in\idazoIyI)pip cri dine 

CT2227:4(S)-<6-cyclohexyl-3-hexen-l-yl)imiclazole 

SKF91606: 4-(4(5)-imidazolyl)butyramidine 

UCL1199!2-[2^4<5)-imidazolyl)emylthio]-5-mrropyTidirie 

EFXRF-1/1 » DNIS:8729306 * CSID:998 298 5405 • DURATION (mm-ss):06-58 



